CHAPTER 30
GROUPING OF CELLS

The t.p.d. of a cell is dependent on the materials used as the cathode and anode. The magnitude of
this t.p.d. is limited, in the case of a dry cell to 1.6 V while a secondary cell wilt produce at.p.d.of 2V, As
power is equal to El, operating at low voltages restricts the quantity of power a cell can deliver. Current
detivered by a cell is largely dependent on electrode area. In the case of primary cells this area is limited, due
to small physical-size of the portable cells, thus again restricting power output. To provide an increased
1.p.d., cells are connected in series while the current drawn from a group of cells can be increased by connect-
ing cells in parallel. Both increased t.p.d. and current can be produced from cells by connecting the cells in
series parallel.

30,1 CELLS IN SERIES

Cells are connected in series to increase the open circuit t.p.d. available from the group. In
practical applications the individual cells are placed in a common case and permanently joined together
to form a battery. Maost non commercial vehicles use 12 volts for their electricat system, this 12 volts
being obtained from six-2 voitz)zﬁ_e—r@connected in series.
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Like all series circuits, the series group of cells has one common current. {Figure 30.1).
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Only identical type cells are normally used in cell grouping. The total circuit resistance in the

series group of cells shown in Figure 30.1 is

R = I'i + ri + RL.

Being identical cells, it may be assumed that the characteristics of each cell are the same, that is,
the in*ernal resistance and open circuit t.p.d. of each cell has the same value, so — :

R=2ri+HL
= g TR

Where i is the internal resistance of each cell and ng equals the number of cells in series.

From Kirchhoff's voltage law around the circuit —

E1 —Ir.‘ + E2—Ir2—1RL =0

g E1 + E2 = Iry + Iry + IHL
From the previous paragraph E1 = E2 and ry = 145 sothe total e.m.f. of the group -
nSE = I(nS ot RL)

and for the current in the circuit —

nSE

i = nr. + HL amperes
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Example 30.1

Six cells, each with an open circuit t.p.d. of 1.5 volts and an internal resistance of 0.1 ohms are
connected in series to a load resistance of 2.4 ohms. Calculate ==

{a) the current in the circuit.
(b} the internal voitage drop of the group.
{c} the voltage across the load

| _ nsE
E = 15V ‘ neon TR
r; = 0.1 ohms - 6§ x 15
01) + 24
R, = 2.4 ohms 16 x 0.1} + 2
. o
i = 7 A 3
Vi =ty = 3 A
V2 = ?V
V. = I x n r.
1 I
= 3 x 6 x 0.1
= 1.8 Vv
= 3 x 24
= 7.2 V

Exampie 30.2

When three cells, each with an open circuit voltage of 1.5 volts are connected in series to a3 2.4 01

resistor a current of 1.5 amperes passes through the resistor. Calculate the internal resistance of each cell.
E = 15V q o= sE
| = 15A I
- 3 x 15
RL = 2440 TE
i = 79 = 34
R = nr; + RL
Nty = R — RL
= 3 - 24
= 060
ri = 0.6
Ny
= 0.8
3
= Q.28
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30.2 PARALLEL GROUPING OF CELLS

celis are grouped in parallel 10 increase the current that may be drawn from the
parallel is to increase the overall effective plate area of the cell

in principle,
group. The resuit of connecting cells in
group. A parallel cell circuit is shown in Figure 30.2.

Figure 30.2 rE

cell.

E = E1 = E2

The total current in the circuit is equal to the e.m.f. of one ceil divided by the total resistance of
the circuit. '

E
b= T
—+ R
= L.
p

Example 30,3

Six cells, each having a t.p.d. of 1.5 voits and an internal resistance of 0.3 ohms, sre connected
in parallel. The group is then connected to a load resistor of 2,45 ohms.

Calculate —

{a}  the current in the load resistor
{b) the voltage drop . in The cells

{c) the voltage across the load
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E = 15V L. T
. - 1
r, = 03 ohms -;,:* R
R = 245 ohms
! = 1A T 03 s
v, = 2V 6
1.8
= 005 + 2.45
= 06 A
{r
Y = 1
! n

= 0.030 Vv
VL = | R

= 06 x 245

= /470 V

Exampie 30.4

Three cells, each with an open circuit t.p.d. of 1.5 voits are connected in parallel to a 4.8 Q resistor.
If a current of 0.3 A passes through the resistor. calculate the internai resistance of each cell.
E = 15V R = _IE.

| = 03A

w

= 1

R, = 490 0
T = 70 5
L +R
n

-
= R-R
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30.3 SERIES PARALLEL GROUPING OF CELLS

Cells are scries paralieled when both a higher t.p.d. and current are required frem the group.
The method used in soiving series parailel 1esistor circuits may be applied to find the total internal
resistance of the cell group. {Figwe 30.3).
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First find the total resistance and t.p.d. of each series branch. The t.p.d. of each series group is .
the t.p.d. that is applied to the circuit, while the resistance of a series branch divided by the number of
parailel branches will give the total internal resistance.

Let n = internal resistance of each cell.

Then noro = internal resistance of each series branch,

and nor = total internal resistance of the group.
"p

The resistance of the complete circuit will be -

The t.p.d. of the group will be

E = n, E

and the current in the external circuit is calculated Ly the equation

nSE
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Example 30.5

Six cells, each having a t.p.d. of 1.5 volts and an internal resistance of 0.1 ohms are connected
in two parailel branches, each branch consisting of three cells. |f an external resistance of 2.35 ohms

is connected to the group, calculate =

{a} the current in the external circuit
{b} the voitage drop across the load resistor

E = 15V . "
T = 0.1 ohm I i Toong N + RL
R, = 235 ohms “p
| = ? A _ 3 x 1.5
Vg = 7V 3 x 01 4 235
2
.2 N
7015 + .38
= 45
25
= 18 A
Vi o= 1R
= 1.8 x 2.35
Example 30.6_ « 423V

Twelve cells, each with an open circuit voitage of 1.5 V are connected to produce wn overall w0,
ot 6 volts. Hf the cell grouping delivers 3 A when connected to a resistor of 1.8, calculate the internal
rasistance of each cell,

6
E = 15V g = 15
| = 3A L4
Fi._ = 1810 ny 12
r < 7 4
~ 2
R = n -
o —
|
= 4 x 1.8
2
= 210
R = tmalri - HL
totat r = R — RL
= 2 -18
= 020
taotal TN
p
0.2 = 4 x r
3
o= 0.15Q
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Equations in this chapter

{1y 1 = 5 {series cells)

- nghy ¥ lL

E

2 I i (paraliel cells)

R

p

ng E
R_-T. (series parallel cells)
+ 5
L —
“p

{3y 1

TUTORIALS 1.30

{1

Six 1.5 volt dry cells are connected in series to a circuit whose resistance is 4.4 2 . If the internai
resistance of each cell is 0.1 9 , calculate the current delivered by the cell group.

Twelve 1.5 volt cells are connected in parailel to a load of 3.2 2 . if the current drawn from the
cell group is 0.3 A, calculate the internal resistance of each cell.

Four 1.5 volts cells are connected in series parallel to supply 3 voits to a 2.8 Q load. If the interral
resistance of each cell is 3.2 9 , calculate the current delivered by each cell.

When tweive 1.5 volt cells, each having an internal resistance of 0.6 {1 , are connected in series
parallel to supply 6 V to a resistive load a current of 3 A passes through the load. Calcutate the
resistance of the load.

Te r . 1.5 volt cells are connected in series parailel to produce an e.m.f. of 7.8V, |f the ¢Mternai
resistance of the cellyare 0.2 Q and the group is connected to a resistor of 0.75 Q calculate the
current defivered by the cell group.
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